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METHOD FOR THE MATURATION OF BEER 

' ^€f<^c^^^ OR The /A/i^^io^ 

The presenc invencion relates to a continuous 
mechod for the maturation of beer after main ferrnenta- 
tlon, in which mechod the unmatured beer, after re- 
5 moval of yeast and a heat treatment, is passed into a 
bio-reactor filled with a carrier with yeast immobi- 
lised on It- The invention also relates to a continu- 
ous maturation reactor, which is an upright column- 
type flow- through reactor containing one or more 
10 sieves, intermediate floors or flanges and whxch is 
filled with a carrier with yeast immobilised on it. 

Beer production generally comprises the fol- 
lowing main steps : 

malting of grain (usually barley) by germi- 

15 nating, 

crushing of the malted grain to produce male 

grist, 

adding water into the grist to form a mash/ 
mashing to decompose starch into fermentable 



20 sugar, 
mash. 



separating the wort thus produced from the 



cooking the wort with hops to produce a taste 
and aroma and to stop the e'nzymatic activity, 
25 clarifying and cooling the wort, 

fermenting the wort with yeast to convert the 
glucose^^and— mal.tose into ethanol and carbon dioxide 
(main ferment at io^iT^^ produce unmatured beer, 
- — naturxngrthe unmatured beer (secondary fer- 



3 0 mentation) , and 

filtering and stabilising the beer and put- 
ting it into suitable containers. 

The ruaturation of beer is an important opera- 
tion to give the beer a mellow and homogeneous caste 
35 and flavour. 
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Tradicionaily, beer is macured by storing the - 
unmacured beer for several weeks ac a low cemperature 
after the main f ermenracion. This involves high stor- 
age costs, which has given rise to the development of 
5 a fast continuous method for the niaturation of beer to 
substirute storage. In this method, the yeast is re- 
moved from the unmatured beer after the conventional 
main fermentation, the tmmatured beer is subjected to 
a heat treatment (e.g. 80 - 90 «C for 5-15 mln) , 
10 whereupon the beer is cooled (e.g. 10 - 15 «C) and 
then matured m a reactor in which the yeast is immo- 
bilised on a carrier. Finally, the beer is finished, 
i.e. stabilised and filtered in the conventional man- 
ner. The retention time in the continuous reactor is 
n IS of the order of e.g. two hours- 

iQ During the heat treatment, the a-acetolactace 

:;P contained in the unmatured beer is converted to diace- 

tyl and partly also acetoin. The taste of diacetyl is 
h felt In beer even when the acetyl concentration is 

□ 20 only 0,05 mg/1. It is a strong sugary or taffy-like 

taste and flavour, which is characteristic of unma- 
f-% tured or newly brewed beer. In the reactor, the yeast 

M reduces the diacetyl into acetoin . At the same time , 

=M certain other carbonyl compounds are also reduced, and 

25 the result is a savoiory beer. Acctom has a milder 
J-l taste and flavour, and the threshold concentration, 50 

- 1000 mg/1, above which its taste is felt in beer is 
considerably higher than for diacetyl. 

Prior-art methods are described e.g. in the 
30 following articles; Monograph XXIV of the European- 
Brewery Convention, E.B-C, -Symposium Immobilized yeast 
applications in the brewing industry, Espoo, Finland, 
October 1995 (ISBN 3-418-00749-X) : 2, Pajunen: Immobi- 
lized yeast lager beer maturation: DEAE-cellulose at 
35 Sinebrychoff (pages 24-40) and I. Hyttinen: Use of po- 
rous glass at Kartwall brewery in the maturation of 
beer with immobilized yeast (pages 55-56) . In the for- 
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mer applxcation, the carrier used to immobilise rhe * 
yeasr is DEA£ cellulose wicb ticanium dioxide and 
polystyrene mixed in ic; patent specification US 
4915959 describes the same application. In the latter 
5 application, the carrier is porous glass. In the pro- 
duction of beer containing only a small amount of al- 
cohol or no alcohol, a column in which yaast is inuno- 
bilised m DEAE cellulose (H.Lomnu: Immobilised yeast 
for maturation and alcohol -free beer. Brewing and Dis- 
10 tilling International, May 1990, pp. 22-23) has been 
used. 

These applications work well in a technical 
sense, and the beer produced is of good quality, the 
same as beer tnatured by the traditional method, How- 
15 ever, the problem with the known applications is the 
high cost of the carrier materials. Purchase of the 
carrier material is a significant investment, and be- 
cause of the high price the carrier must be regener- 
ated after a certain period of use so that it can be 
20 used again • 

In traditional maturation in a container, 
fairly large wooden strips e.g. 400 - 500 mm long and 
4 0 - 50 mm wide have been added into the storage con- 
tainers. The purpose of the- strips is to bind sotne of 
25 the yeast and thus to promote the clarification, and 
CO some extent, secondary fermentation of the beer. 
This is a conventional slow batch process. Some brew- 
eries still use this procedure, mainly to preserve the 
tradition. 

30 In the production of ethanol by a continuous 

fermenting process , immobilisation of yeast has been 
effected by using pieces of wood, e.g. beech, (M. Moo- 
Young, J, Lamptey and C-W. Robinson: Immobilisation of 
yeast cells on various supports for ethanol produc- 

35 tion. Biotechnology Letters 2 (1980) No. 12, pp. 541- 
545) and birch (M,A, Gencer and R. Mutharasan; Ethanol 
fermentation in a yeast immobilised tubular fermentor. 
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Biocechnology and Bioengineering 25 (1983) 2243-2252) . - 
However, che produccion of echanol is coinplecely dif- 
ferent from che manufacture of beer: in the former, 
the aim is to achieve a fermenting process as effec- 
5 tlve as possible, whereas m the latter the primary 
objective is to develop the desired good taste and 
flavour in conjunction with the fermenting process. 

In the production of beer, small-scale ex- 
periments have also been carried out xn which wooden 
10 chips have been used in conjunction with main fermen- 
tation to immobilise yeast : J . Kronlof and v . - P . 
Maatta: Main fermentation using immobilised yeast in 
beer production, Mallas ja Glut 1993, No. 5/ pp. 133- 

147) . S^^n^^ TH^ //^MBi^A/ 

15 The object of the present invention is to 

eliminate the drawbacks mentioned above. 

The object of the invention is to disclose a 
fast, continuous method for the maturation of beer, in 
which yeast immobilised on a carrier effectively re- 
20 duces the diacetyl concentration to a level below an 
acceptable taste threshold and which is applicable for 
use in conjunction with known beer production methods 
for the maturation of unmatiared beer. 

Another ob j ect oiT^ the invent ion xs to di s - 
25 close a fast, continuous method for the maturation of 
beer in which the carrier is an economically priced 
and risk-free material. 

A further object of the invention is to dis- 
close a continuous mat\iration reactor for implementing 
30 the method. ^ • 

The method of the invention for the matura- 




ti^^^o^ beer is characterised by what is presented in 
ol£^m . 

The maturation reactor of the^y^encion is 
35 characterised by what is presented in c-i-^im rs . 

The invention is based on research work car- 
ried ouc, the aim of which was to apply the technique 
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of immobilising yeasc co secondary f ermencacion and ' 
macuracion of beer. Ic was unexpectedly established 
chac wooden particles and/or similar particles are ex- 
cellently suited for use as a carrier for the irmnobi- 
5 lisation of yeast. 

In the continuous method of the invention for 
the maturation of beer, the unmatured beer^ after the 
removal of yeast and a heat treatment / is passed into 
a bio*reactor filled mainly with wooden particles 
10 and/or similar particles with yeast immobilised on 
them. The principle of the method of the invention xs 
the same as in industrial procedures using DEA2 cellu- 
lose or porous glass as a carrier. The yeast removal 
and other secondary treatment operations are performed. 
!3 15 as in the known procedures. 

'0 The method of the invention is applicable for 

K the production of various kinds of beer. i.e. bottom 

n yeast beer and scum yeast beer. Suitable raw materials 

;3 are malt and other sources of starch and sugar as are 

3 20 known in beer production. The beer to be produced may 

;^ have an alcoholic content between 0 - 10 % and a 

2 pitching wort content between 5 - 20 % or more, even 

30 %. 

y In the method of>che invention, the carrier 

25 may consist of wooden particles and/or similar parti- 
cles of any size and shape, preferably cut into fairly 
small chips, sticks or into the shape of any regular 
or irregular bodies of roughly uniform size. The larg- 
est dimension of the particles is mainly 1 - 100 mm, 
30 advantageously 1 - 50 mm and preferably 2-20 mem, . , 
The wooden particles to be used may . be pro- 
duced from any deciduous wood species, e.g. aspen, 
beech, palm or the like. The particles may also be 
produced from coniferous wood. The wood species to be 
3 5 used can be so chosen that the aromatic siabstancee 
contained in it will have a desired effect on the 
taste and flavour of the beer to be produced. The par- 
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wicles may also be produced from cropical grass. e,g. - 
bamboo, rarcan and/ or che like. 

In cha concinuous reaccor, some of the yeasc 
is immobilised on che carrier and some of ic may be 
.5 freely suspended. Conventional known brewing yeascs 
are well sulced for use in such a reaccor. However, if 
highly flocculable yeasts are used, a high yeasc con- 
ceniiration will be quickly reached in nhe reactor, and 
che high yeasc concentration is also maintained, thus 
10 improving the efficiency of the reactor. 

The immobilisation of yeast can be imple- 
mented in any known way, e.g. as described in patent 
^ jGf ^^L ^i a a L j roa^US 4915959. 

The amount of immobilised yeast In the reac- 
O 15 cor may vary as is known in the art, a preferable 

amounc being 10^ - 10* yeast cells/i cm* of filler par- 
ley tides. The service life of che wooden particles used 
y for yeast immobilisation is a few months, 'e,g. 1-6 
O months, but it may be as long as 1 year or more. 
'J 20 The rata at which the unmatured beer flows 

through the reaccor and its retention cime in the re- 
O actor have an effect on the diacetyl content of the 

H beer. The flow rate of the unmatured beer is adjusted 

ff to a value such that a siifficient amount of diacetyl 

H 25 is reduced to acetoin in the reactor, with the result 

O that the diacetyl concentration in the matured beer 

does not exceed an acceptable taste threshold. The 
flow rate of unmatured beer through the reactor may be 
0,05 - 2 times the reactor volijune / h* A preferred 
30 flow rate of unmatured beer is of the order of 0.5 -^V 
reactor volume / h. The temperature in the reactor is 
5-22 preferably 5-20 <*C, Even higher tempera- 

tures may be used. 

The maturation reactor nf\ay be pressurised to 
35 maintain the carbon dioxide in a dissolved state in 
che reactor. Free carbon dioxide may hanqper the opera- 
tion of che reaccor. The operation pressure can be se- 
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lecced according cc cemperature, desired cases and 
beer qualiny. 

Af cer che maturacion, the beer can be cooled 
to a desired scabiXising cemperacure, and secondary 
5 nreacmenc of che beer, such as stabilising, filtering 
and decancing, can be irnplemenced xn a manner known in 
itself . 

Because of their low price, the wooden parti- 
cles and/or similar particles used as filler may be 
10 thrown away after use , Disposal of the particles is 
easy and free of risks. The filler may also be regen- 
erated after use, e.g. by treating them with hot water 
or vapour, by washing or by some other suitable treat- 
ment - 

^5 If desirable, the wooden particles and/or 

similar particles used as filler can be subjected to a 
treatment prior to immobilisation. The particles can 
be e.g. washed or treated in some other way as de- 
sired. 

2 0 The continuous maturation reactor of the in- 
vention is an upright coluinn in which the liquid flows 

i;3 through the colwtn from bottom to top or from top to 

bottom. The diameter of the reactor is of the order of 
l-5±l-2.5±lm and Its height is of the order of 
25 2,S - IQ m. The column may be provided with one or 
;3 more sieves, intermediate bottoms or flanges to keep 

the filler particles in the reactor. The column is 
filled mainly with wooden particles and/or similar 
particles with yeast immobilised on them. 

As compared with prior art, the advantages of 
the invention are based on the use of a cheaper car- 
rier material, which gives the same final result as 
more expensive carrier materials. 

The low price of the wooden particles and/or 

3 5 similar particles also makes it urmecessary to regen* 
erace the particles. When expensive carriers are used, 
regeneration is necessary to prolong the service life 
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of Che carrier. Regeneration causes direct and mdi- 
recc additional costs. 

Wood and/or similar material also has che ad- 
vantage chat, being a natural material, it is fjree of 
5' risks. 

The invention will now be described in detail 
via the following examples. 

EXAMPLE 1 

0 

Test arrangements: 

Rauchergold KLl beech chips (3 litres) were 
cooked in ion-exchanged water (5.5 litres) for an 
hour. The water was removed and the chips were cooked 

5 for 4 hours in echanol containing lo % alcohol by vol- 
ume. The alcohol solution was removed and finally the 
chips were cooked for l hour in ion-exchanged water. 

The reactor was filled with the wee chips up 
to the 5.L 1 mark. The reactor was assembled and auto- 

0 claved at 121 °C for 21 minutes together with the con- 
nections and hoses. After cooling, 3 litres of yeast 
suspension was pumped into the reactor in 6 hours by 
using a hose punp. Air was supplied into the reactor 
at the rate of 50 ml/min and wort at the rate of loo 

5 TTj/h overnight at 20 After this, the supply of ma- 

terials was stopped and the reactor was cooled to 10 

The unmatured beer fed into the process was 
unmatured beer produced via immobilised main fermenta- 

0 tion, in which the total content of visinal diketones 
was about 0.8 - 0.3 mg/ml , After the main fermenta- 
tion, the unmatured beer was filtered through Seitz k 
filter paper into an aucoclaved (121 «c, 20 min) res- 
taurant container, which was used as a supply con- 

5 tainer for the secondary fermentation reactor. 
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Description of che process: 

The process cotrtprises heac creacmenc of unma- 
tured beer, its cooling Co 10 secondary fermenca- 
cion Cmacuracion) wich immobilised yeasc, and recep- 
5 tion of Che produce. 

From che supply concainer, che unmatured beer 
is pumped into hear creacmenc using a diaphragm pump 
{Prominent: Mini Gamma) . The heac treacmenc (80 
abouc 60 min) caJces place in a chin-walled metal re- 

10 cencion pipe immersed in a wacer bach ac about 80 *^C. 
The beer removed from che heac treacmenc flows into a 
cooling jacJcec made of glass, where it xs cooled co 
che secondary fermencacion cemperature of lo «c. The 
cooled beer flows through the reactor from boccom ro 

15 top. From che cop of the reactor, che beer flows via a 
separating funnel into a receiving container. The re- 
ceiving container used is a 50-1 restaurant container. 



20 



Analyses ; 

From che unmatured beer fed in, from che heac 
treated unmacured beer and from the posc-f ermented 
beer, che cocal amouncs of visinal dikecones (total 
VDK) , free diketones {free VDK) , aromatic siibscances 
and apparent excract concentration were analysed. The 
25 recentlon time in che reactor was estimated based on 
che flow race. In addition, che beer colour was ana- 
lysed twice during the test period. 



30 



Resulcs : 

The recent ion cimes in the reaccor are pre- 
senced in Table 1, Wich Che reaccor filled up co che 
5.1 1 mark, the liquid volume in che reactor was 3.6 
litres. The internal amoxint of liquid wlchm che 
chips , which is very small as che chips are wee all 
35 che time, was not caken inco account, nor was the liq- 
uid remaining on che surface of che chips . 
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chips, which is very small as the chips are wee all 
che cime, was noc caken inro accoiinc, nor was che liq- 
uid remaining on che surface of the chips. 



5 Table 1. 



Flow rate 


Retention time 
per volume of 
carrier material 


Retention time 
according to the 
amount of liquid 


Heat 

treatment 
time 


ml/h 


h/carrier volume 


h 


min 


200 


25-5 


18,0 


65 


300 


17.0 


12,0 


43 


400 


12. S 


9.0 


32 



Tables 2-4 present the conversions o£ visi- 
nal dikecones for different flow rates. 



10 Table 2. Concentrations of visinal dikecones 

(mg/dm^) and their conversion {%) at flow rate 200 
ml/h. 



1. detiemxxiatioA 


Supply 


Heat 
treated 


Post- 
fermented 


Conver- 
sion 


total diacetyl 


0,77 


0,70 


0,02 


97.4 


free diacetyl 


0,54 


0 ,75 


0,02 


96.3 


total pentanedione 


0,20 


0 ,18 


0,01 


95,0 


free pentanedione 


0.14 


0 .17 


0,00 


100,0 


total VISINAL 
DI KETONES 


0,97 


0 .98 


0.03 


96,9 


2* daterrninatjoR 










total diacetyl 


0,41 


0.39 


0 . 02 


95.1 


free diacetyl 


0,23 


0,36 


<0,01 




total pentanedione 


0.13 


0.11 


<:0 . 01 




tree pentanedione 


0,08 


0 . 10 


<0,01 




total VISINAL 
DI KETONES 


0,54 


0 .50 


<0 .03 
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free pencanedione 


0, 07 


0,10 


<0.01 




rocal VISINAL 
DI KETONES 


0.32 


0.33 


<0.03 


90. 5 



ry 



Table 3 . Concenc rat ions of vrslnal diJcecones 
(mg/dm^) and cheir conversion {%) ac flow rate 300 
mi/h. 



X * deterxninacion 


Supply 


Heac 
creaced 


Posc-f er- 
menced 


Conver- 
sion 


cecal diacecyl 


0.28 


0.27 


0.01 


96 .4 


free diacecyl 


0.17 


0,27 


0.01 


94,1 


cocal pencanedione 


0.14 


0.13 


0.01 


92 .9 


free pexicanedione 


0.07 


0 . 12 


<0.01 




cocal VISINAL 
D I KETONES 


0,42 


0 .40 


0.02 


95.2 


2 • deterainacion 










cocal diacecyl 


0.39 


0 .37 


0,02 


94,9 


free diacecyl 


0,23 


0 ,39 


0 .02 


91,3 


total pancanedione 


0.22 


0 .19 


0 .01 


95.4 


free pencaxiedxone 


0 .11 


0 .18 


cO.Ol 




cocal VISINAL 
DI KETONES 


0.61 


0.56 


0 .03 


95.1 



Table 4, Concenc rac ions of visiI^al dikecones 
{mg/dm*) and cheir conversion {%j ac flow race 400 
ml/h. 





Supply 


Heat 
treated 


Posc-f er- 
menced 


Conver- 
sion 


cocal diacecyl 


0.46 


0.41 


0 . 07 


34.8 * 


free diacetyl 


0.27 


0.3S 


0 . 06 


77,8 


total pencanedione 


0.19 


0,16 


0,01 


94-7 


free pencanedione 


0,09 


0.14 


0 .01 


88 . 9 


cocal VISINAL 
D I KETONES 


0.65 


0,57 


0.03 


87.7 
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Table 5 presents the average changes xn the 
aromatic substances xn the process as a percentage of 
the initial value. Table 5 shows that only the acetal- 
dehyde concentration has changed significantly during 
the process. This is in fact a favourable change be- 
cause an excessive acetaldehyde content would give the 
beer a solvent-like flavour. The results are the aver- 
age values for three determinations at different flow 
rates . 

Table 5. 





Supply 


Heat 
treated 


Post-fer- 
mented 


Aromatic substance 


% 


% 


% 


ethyl acetate 


100 


97 


99 


3 -methyl butyl acetate 


100 


69 


80 


propanol 


100 


101 


102 


2 -methyl propanol 


100 


100 


102 


3 -methyl propanol 


100 


99 


101 


2 -methyl butanol 


100 


99 


101 


acetaldehyde 


100 


103 


6B 



Table o presents the results of the determi- 
nations of apparent extract concentration and colour. 
The apparent extract concentration and colour of the 
beer were determined twice during the test period to 
make sure that no changes occurred in the fermentation 
and that the darkish wood imparted no colour to the 
beer. 

Table 6, 





Supply 


Heat 
treated 


Post -fer- 
mented 


extract concentration 
200 ml/h {%) 


2.28 


2.26 


2 .22 


ext rac t concent rat ion 
.300 ml/h {%) 


1.91 


1.98 


1.98 
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colour 200 ml/h (EBC) 


26 


28 


26 


colour 300 ml/h [EBC] 


22 


23 


22 



The invencion is not restricted co chs exam- 
ples of ics embodiments described above, buc many 
variacions are possible wichin the scope of the inven- 
5 tiva idea defined by che claims. 
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